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ABSTRACT

Environmental Monitoring Programs (EMPs) have been
historically implemented in processing facilities, with
more recent application in raw agricultural commodity
packing operations. EMPs verify effectiveness of
sanitation programs and reduce harborage/niches
of microorganisms. While benefits of EMPs are well
recognized, there has not been a formal survey of
produce packers adopting these programs to determine
their scope, including information on sampling targets
and frequency of sampling by environmental zone.
Approximately 62.5% of produce packers (40/62
packinghouse; 5/10 field-pack) who responded to the
survey indicated they had an EMP. ATP was the most
common monitoring technique used for zone 1 surfaces,
followed by generic Escherichia coli, Listeria species,
and aerobic plate counts. A shift was noted towards
addition and greater reliance on pathogen targets (e.g.,
Salmonella) for zones 2-4. While 100% of produce
packers with an EMP had corrective actions (CA)
identified, 42% reported never needing to implement a CA,

suggesting produce packers were always in conformance.
This result indicates a potential shortfall in EMP rigor, as
occasional failures are expected. Overall, survey findings
can be used as a baseline to assess changes in EMPs over
time and to emphasize potential points of confusion when
conducting outreach to the fresh produce industry.

INTRODUCTION

Unlike other food industries that have downstream
processing activities that act as a “kill step” for foodborne
pathogens, like cooking or pasteurization, there are limited
opportunities for the fresh produce industry to employ
activities that would achieve reductions in microorganisms
of public health concern. In the absence of these control
measures, fresh produce operations should implement food
safety best practices, like sanitation programs, that reduce
food safety risks by preventing cross-contamination. While
cross-contamination of produce can occur at any point along
the supply chain, outbreaks and recalls have been repeatedly
traced back to cross-contamination in packing environments
(3,4,9,11,16-18, 34,43). In 2011, a multistate outbreak of
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listeriosis was traced to cantaloupes produced by a packer

in Colorado (32). At least 146 persons from 28 U.S. states
were infected with any of the four outbreak-associated
strains of Listeria monocytogenes. The outbreak investigation
highlighted a number of deficiencies related to food contact
surfaces within the cantaloupe packinghouse (18). Of the 39
environmental swabs taken from the packinghouse, 13 were
positive for the outbreak strain of L. monocytogenes, and 12 of
those 13 positive swabs were from food contact surfaces. A
year later, in 2012, a multistate outbreak of salmonellosis also
linked to cantaloupe occurred and resulted in 261 illnesses,
94 hospitalizations, and 3 deaths in 24 U.S. states (33).
Similar to the 2011 listeriosis outbreak investigation, FDA
investigators determined that poor packinghouse sanitary
design and sanitation programs contributed to the 2012
salmonellosis outbreak (37, 38). In 2019, whole peaches,
nectarines, and plums were recalled due to L. monocytogenes
being found in the packinghouse (44).

Environmental Monitoring Programs (EMPs) are a
proactive approach to reduce microbial cross-contamina-
tion events. EMPs are designed to verify the effectiveness of
the cleaning and sanitizing practices, ultimately preventing
harborage of foodborne pathogens in the packing environ-
ment. Several prior studies have generated environmental
data for produce environments throughout the supply chain
including field packing lines, packinghouses, and distribution
centers (7, 8, 12, 20, 22, 25, 45, 46). Data collected as part
of an EMP may include source and concentration of indica-
tors. EMPs vary by operation based on specific food safety
program goals, but fundamentally EMPs should identify
occurrences of potential contamination (e.g., pathogen
harborage site, uncleaned food contact surface) and prompt
implementation of a mitigation or control measure to reduce
the likelihood of cross-contamination. If testing for food-
borne pathogens like Listeria monocytogenes or Salmonella,
or their closely related indicators (e.g., Listeria species), the
goal of a successful EMP is to prevent repeated cross-con-
tamination due to an established harborage point, ultimately
alerting an operation to transient occurrences of an organism
so that they can take prudent steps during cleaning, sanitiz-
ing, and retesting to document eradication. Successful food
safety programs and EMPs trend data over time to determine
which locations are more likely to have positive results or
high populations, if there are certain weather conditions (e.g.,
rain, time of season) which are more likely to yield positive
results, or if retraining needs to occur with the sanitation
crew as employee turnover occurs which impacts knowledge
and experience of those members (8, 20, 21, 23, 26, 47).

While not required by the Food Safety Modernization Act
(FSMA): Standards for the Growing, Harvesting, Packing,
and Holding of Produce for Human Consumption (Produce
Safety Rule, PSR) for fresh produce packers, environmental
monitoring is a requirement in many third-party audit
schemes relevant to fresh produce operations (19), including

those benchmarked to the Global Food Safety Initiative
(GFSI), which require EMPs for microbiological hazards
identified in the hazard analysis of the packinghouse (35, 36).
Specific requirements of the EMPs vary by audit scheme,
but the main goal for operations is to consistently control
environmental hazards through sanitation programs, or
corrective actions when necessary, and develop monitoring,
verification, and validation activities for their packing
environment using indicators or foodborne pathogens.

It is important to consider that some produce facilities

(e.g. fresh-cut) may fall under the FSMA Preventive
Controls for Human Food Rule (39) which does require
environmental monitoring as an approach for verification

of sanitation controls in ready-to-eat foods that are at risk of
environmental cross-contamination; however, these facilities
were excluded from the study.

A nationwide anonymous survey of fresh produce packer
practices was conducted to better understand (i) packers’
knowledge of environmental monitoring requirements,

(ii) the structure of EMPs in packing operations, and (iii)
rationale for entities not implementing EMPs.

METHODS

Survey development and design. An anonymous ques-
tionnaire was developed by produce industry experts to
determine how those involved in the packing of raw agri-
cultural commodities conduct and maintain EMPs in their
packinghouse environments (Supplemental Material 1). No
identifying information was collected except self-identified
demographics questions (Supplemental Material 1). The
questionnaire was developed using the Qualtrics™ software,
Version June 2022 (Qualtrics, Provo, UT). The questions
were beta-tested and reviewed prior to widespread dis-
semination by members of academia (authors and listed in
acknowledgments), and members of the produce advisory
committtee representing growers, harvesters, packers, buyers,
auditors, regulators, trade associations, legal counsel, con-
sumer representatives, and consultants (5). The 28 questions
were screened and approved by Virginia Tech’s (#21-916),
Rutgers University’s (#Pro2021001482), University of Flor-
ida’s (#202202794), and University of Georgia’s (#PROJ-
ECTO00004712) Institutional Review Boards.

Survey dissemination. Email invitations containing a
link to the online questionnaire in Qualtrics™ were sent to
proprietary email lists across produce safety organizations
(Produce Safety Alliance, Western Growers Association,
Center for Produce Safety, International Fresh Produce
Association, Washington State Tree Fruit Association),
USDA-funded FSMA centers (North Central Region Center
for FSMA Training, Extension and Technical Assistance,
Northeast Center to Advance Food Safety, Southern Center
for FSMA Training, Outreach and Technical Assistance,
Western Regional Center to Enhance Food Safety), social
media platforms (Produce Safety Science, personal platforms
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FIGURE 1. Map of survey respondents’ operation location in the U.S. (N=107). N=3 respondents were outside the U.S.,
from Argentina, South Africa and Mexico (1 each). Blue to white shading indicates the number of respondents (legend
bottom center) and counts (frequency of respondents) listed in black (no count indicates zero respondents).

of each author), local cooperative extension offices (Rutgers
Cooperative Extension, University of Arizona Cooperative
Extension, University of Florida Institute of Food and
Agricultural Sciences Extension, University of Georgia
Cooperative Extension, Virginia Cooperative Extension), and
Produce Advisory Committee organizations (>30 members).
The survey period (questionnaire open and accepting
responses) was 81 days (June 13, 2022-September 1, 2022).

Statistical analysis. Response frequencies were calculated
using Qualtrics™ Stats iQ software, Version October 2022
(Qualtrics, Provo, UT) and Microsoft Excel (Microsoft,
Redmond, WA) for each question. Descriptive statistics were
used to determine frequencies and distribution of responses.
Demographics including role in the industry, operation size,
crop(s) packed, market channel, and operation location (e.g.,
state) were assessed to determine their association with EMP
timing of sampling, frequency of sampling and corrective
actions (P>0.05).

RESULTS AND DISCUSSION

Survey respondents. Data were collected from
respondents which self identified they pack whole, intact
produce and all questions were optional for each survey
respondent. If a question did not apply to the respondent’s
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operation, they could skip the question (noted by the
denominator). A total of 110 respondents completed the
survey, 62 of which reported that they conduct packing
activities in a packinghouse. Ten respondents reported they
conduct field-packing activities and 38 respondents reported
they did not conduct packing activities, instead identifying

as university Cooperative Extension, upper management,
buyers, or trade organization professionals. Respondents
were from 25 U.S. states representing California (n=30), New
Jersey (n=13), Arizona (n=8), Washington (n=8), Virginia
(n=6), Florida (n=5), Georgia (n=5), New York (n=4),
Pennsylvania (n=4), Illinois (n=3), Michigan (n=2), Ohio
(n=2), Arkansas (n=2), Massachusetts (n=2), Maryland
(n=2), Oregon (n=1), Nevada (n=1), Hawaii (n=1),
Colorado (n=1), Texas (n=1), Iowa (n=1), North Carolina
(n=1), South Carolina (n=1), and West Virginia (n=1), and 3
countries representing 1 each from Mexico, South Africa, and
Argentina (Fig. 1). Respondents reported market channels
with 46.4% selling wholesale, 26.8% exporting, 23.2%

selling direct to consumers, and the remaining classified

into “Other.” Respondents reported sales in U.S. dollars in
the following ranges: >$S million (45.8%), >$1 million to

$5 million (16.6%), >$25,000 to $1 million (33.3%), and
below $25,000 (4.2%). A wide range of crops (n=59) were



FIGURE 2. Fruit and vegetable crops packed as identified by survey respondents (n=59 different crops; survey
respondents could select as many different crop types as they packed). Figure made with Food and Drinks Color Icons by

Icon8

(https://speckyboy.com/freebie-colored-food-drink-icon-set/).

packed by respondents, some of whom packed multiple
crops, including tree fruit (27.2%), leafy greens (10.2%),
solanaceous (8.5%), cucurbits (8.5%), herbs (8.5%), small
fruits (6.8%), citrus (5.1%), root crops (5.1%), bulb crops
(3.4%), brassicas (3.4%), legumes (3.4%), microgreens
(3.4%), tree nuts (1.7%), and other (5.1%; Fig. 2).
Environmental monitoring program rationale. Of those
respondents who packed produce in a packinghouse, 64.5%
(40/62) reported having an EMP. Fifty percent (5/10) of
respondents who field-packed produce had an EMP. For
packinghouses with an EMP, most packers cited regulatory
requirements (66.7%) or buyer requirements (45.8%)
as rationale for establishing the EMP. All respondents
who field-packed produce had an EMP program because
of buyer requirements, with two and one reporting
regulatory requirements and part of risk mitigation efforts,
respectively. This highlights a potential point of confusion
and an outreach opportunity since there are not regulatory
requirements of fresh produce packers who are covered
under the Food Safety Modernization Act (FSMA) Produce
Safety Rule to perform any environmental monitoring.
While environmental testing for Listeria species or L.
monocytogenes was proposed in 2013 as a requirement for all
farms (comment 11, under general comments on the 2013

proposed FSMA Produce Safety Rule), it was ultimately

not included in the final rule as a regulatory requirement
(40). Farms may consider voluntarily implementing an
environmental monitoring program for Listeria species or

L. monocytogenes, as appropriate. Therefore, in the absence
of regulatory requirements for environmental monitoring

in raw agricultural commodity packing operations that

are farms, federal draft guidance documents (41, 42) and
industry-specific guidance, guidebooks, or whitepapers (1,
2, 30, 31) have been developed to support operations that
want to develop and implement an EMP. As previously
mentioned, some produce facilities (e.g. fresh-cut) may fall
under the FSMA Preventive Controls for Human Food Rule
(39) which does require environmental monitoring as an
approach for verification of sanitation controls in ready-to-eat
foods that are at risk of environmental cross-contamination,
or to meet regulatory requirements of a country that is
importing their produce. Outreach efforts should emphasize
when EMPs are required for fresh produce operations based
upon regulatory requirements (at time of this publication,
the FDA had not released the final farm definition) and when
EMPs are required by buyers based on various third-party
audit standards. While buyer requirements impact ability

to sell product, they are not regulatory requirements. Given
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TABLE 1. Percentage (frequency) of rapid test/chemical indictor, microbial indicator

organisms, and foodborne pathogens tested for by zone in environmental
monitoring programs for fresh produce packinghouses

Zone®
Tested for* 1 2 3 4
N=5§7 N=56 N=54 N=46
Rapid Test/Chemical Indicator
ATP 28.1(16)© 89 (5) | 56(3) 65(3)
Microbial Indicator Organisms
Aerobic plate count 15.8(9) 10.7 (6) 7.4 (4) 8.7 (4)
Enterobacteriaceae 1.8(1) 0.0 (0) 0.0 (0) 0.0 (0)
Coliforms 10.5(6) 12.5(7) 11.1(6) 13.0 (6)
Generic E. coli 17.5(10) 19.6 (11) 16.7 (9) 152 (7)
Listeria species 15.8(9) 25.0 (14) 31.5(17) 34.8(16)
Foodborne Pathogens
Listeria monocytogenes 1.8(1) 7.1(4) 9.3(5) 6.5(3)
Salmonella 8.8(5) 16.1(9) 18.5(10) 152 (7)

“Respondent indicated what is tested for including rapid test/chemical indicator, microbial indicators, and or foodborne pathogens.

bZones were described according to United Fresh Environmental Monitoring Program Guidance Version 2 (30); and the N is the

total number of responses per zone.

‘Percentage (frequency).

that there are no regulatory requirements for EMPs for this
segment of the supply chain (produce packers under the
FSMA Produce Safety Rule) and yet 66.7% of respondents
who have an EMP cite this as a rationale suggest several
respondents are confused or misinformed on this point.

Among respondents that pack produce in a packinghouse
that did not have an EMP (n=22), it was reported this was
due to alack of regulatory or buyer requirements or being
cost prohibitive. Similar rationale for not having an EMP
was observed for respondents that field-pack produce.
Respondent data on EMP rationale did significantly differ
by market channel (wholesale vs direct markets), but not
operations of different sizes, crop packed, or state (P>0.05).
This finding is likely linked to wholesale packers being
subjected to buyer requirements including third party audits,
compared to packers selling direct to consumers.

Sampling targets

Table 1 shows the frequency of environmental monitoring
targets listed in surveys: aerobic plate count, total Enterobac-
teriaceae, coliforms, generic E. coli, Listeria species, Listeria
monocytogenes, and Salmonella enterica, as well as adenosine
triphosphate (ATP) broken down by zone (1-4). Zones
were described according to United Fresh Environmental
Monitoring Program Guidance Version 2 (30). ATP was the
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most common monitoring technique used for zone 1 surfaces
(28.1%; 16/57) followed by generic E. coli (17.5; 10/57),
Listeria spp. (15.8%; 9/57), and aerobic plate count (15.8%;
9/57) (Table 1). Quantification of ATP has long been re-
garded as a real-time metric for evaluating sanitation of food
contact surfaces, particularly for fresh produce operations
(10, 14). This is due to the assertion that the presence of
ATP is reliably linked to cell viability since ATP is an energy
source present in all living organisms, including bacteria (6,
1S, 27). While ATP is best used as a rapid screening tool for
verification of an operation’s sanitation (e.g., to ascertain
if re-cleaning may need to occur prior to sanitizing), ATP
concentration cannot be reliably linked to the presence of
indicator organisms or foodborne pathogens (21, 28).
Listeria spp. (30.1%; 47/156), generic E. coli (17.3%;
27/156) and Salmonella (16.7%; 26/156) were the most
frequently reported targets monitored for in zones 2 through
4 (Table 1). This result suggest a shift from monitoring
ATP to microorganisms for non-food contact surfaces in
packing operations. Furthermore, there was an increase
in monitoring for foodborne pathogens in zones 2-4,
compared to zone 1, with the highest monitoring frequency
observed in zone 3 (9.30%; 5/54 and 18.5%; 10/54 for
L. monocytogenes and Salmonella, respectively). Of note is
the number of packinghouses monitoring for Listeria spp.



(15.8 to 34.8%) and Salmonella (8.80 to 18.5%) in zones
1-4, demonstrating a trend towards managing Listeria
monocytogenes and Salmonella cross-contamination within
the packinghouse, rather than general hygienic condition(s)
of the building and equipment (Table 1). This trend aligns
with the FSMA Preventive Controls for Human Foods Rule,
as these two organisms were identified as the main source
of cross-contamination in food facilities (39), and this may
follow for fresh produce operations. Studies (7, 8, 24-26, 29)
identified movement of Listeria from zone 4 into handling,
packing, and storage areas as a key parameter driving Listeria
prevalence in zones 1-3 for produce operations; in addition,
to contamination rates on incoming produce, underscoring
the importance of monitoring entry points into produce
handling, packing and storage areas; as well as equipment
that moves between zones 3 and 4. Similarly, industry
developed guidance documents (1, 2, 30) also support
monitoring of microorganisms in zones 2—4 to trigger
corrections and prevent the likelihood of contamination of
zone 1 surfaces.

Timing of sampling

Respondents were also asked when they collected
environmental samples for environmental monitoring.
Timing of sampling was not significantly associated with
operations of different sizes, crop(s) packed, market channel,
or state (P>0.05). Universally, it was reported that the timing
of sample collection events for environmental monitoring
programs in packing operations was post-sanitation/
pre-production. This trend was observed across zones 1
(66.7%; 14/21), 2 (60.1%; 14/23), 3 (56.5%; 13/23),
and 4 (55.0%; 11/20). This finding aligns with current
guidance by government and industry that suggests similar
sampling timeframes (30, 42). There was a distinct trend
of packinghouses opting not to collect samples during
operational activities in zone 1 (76.2%; 16/21), compared
to zones 2 (34.7%; 8/23), 3 (39.1%; 9/23), and 4 (35.0%;
7/20). Sampling after cleaning but prior to sanitizer
application was reported for 23.8% (5/21) of respondents
for zone 1, with all other zones reporting <10.0%. This
is most likely driven by ATP swabbing and potential
interference from sanitizers with that assay. Additionally,
ATP swabbing is often performed as a cleaning verification
step, prior to sanitizing, according to several guidance
documents (1, 30) and published studies (13, 21) during
produce handing and packing activities. Sampling at the end
of production or in special circumstances (maintenance,
interruption in operation) were far less frequently reported
by respondents (<10.0%). Generally, these trends highlight
that environmental monitoring programs in fresh produce
packinghouses are being utilized to determine efficacy
of sanitation activities and monitoring for routes of
contamination during packing activities.

Frequency of sampling

No significant differences in sampling frequency were ob-
served between operations of different sizes, crop(s) packed,
market channel, or state (P>0.05); however, differences
were observed between zones. For zone 1, most respondents
were sampling weekly (36.0%; 9/25), followed by monthly
(28.0%; 7/25) and daily (16%; 4/25) within the packing
season. For zones 2, 3 and 4, the most popular sampling
frequencies were monthly (zone 2: 42.3%; 11/26, zone
3: 38.5%; 10/26, and zone 4: 34.8%; 8/23, respectively),
followed by weekly (zones 2: 38.5%; 10/26, zone 3: 23.1%;
6/26, and zone 4: 21.7%; 5/23, respectively). Zones 3 and 4
also observed quarterly sampling (15.4%; 4/26 and 21.7%;
5/23, respectively). As previously mentioned, the major-
ity of respondents implemented an EMP because of their
third-party audit standards, which likely impacted frequent-
ly of sampling. Several third-party audit standards require
environmental monitoring on a weekly, monthly or quarterly
schedules (U.S. Department of Agriculture, 2022). Less than
10% of respondents selected annual or bi-monthly sampling
frequencies, and those that did, noted investigative sampling
activities (e.g., root cause or research based sampling).

Corrective actions

Corrective action (CA) plans were in place for 100%
(22/22) of EMP respondents for cases where quantifiable
limits were above thresholds or where indicators or
pathogens were present. However, 42% (9/21) of those
respondents stated they had not implemented a CA over
the past 12 months. This highlights a potential issue in rigor
of testing programs, as transient organisms and natural
variability that occurs during production will occasionally
yield a failure to meet a quantifiable limit or detection of a
foodborne pathogen or closely related indicator. Insufficient
testing frequency, inappropriate sampling locations, or
improper thresholds limits (e.g., too lenient) can all be
potential sources impacting the success of the EMP. Several
guidance documents (1, 2, 30, 31, 42) caution EMP
programs that never find failures (detection of indicators/
pathogens, or threshold limit), as the goal of a successful
EMP is to find problem areas before they lead to cross-
contamination events.

Table 2 describes the frequency of CAs by zone
reported for survey respondents. Choices ranged from
visual inspection, clean and sanitize as normal, intensified
cleaning and sanitation, breakdown equipment and clean/
sanitize, vector swab adjacent locations, and re-swab, with
respondents given the opportunity to select all the CAs by
zone that they utilized. Across all zones 1-4, the top two
CAs used were intensified cleaning and sanitation [22.4%
(19/84) to 23.7% (14/59)] and re-swab the area [18.6%
(11/59) to 22.6% (19/84)], respectively (Table 2). The
least used CA across all zones was to clean and sanitize as
normal [11.5% (10/87) to 14.3% (12/84)]. Respondents
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TABLE 2. Percentage (frequency) of corrective action(s) used by zone in environmental

monitoring programs for fresh produce packinghouses

Zone®
Corrective Action(s)* 1 5 3 4
N=84 N=87 N=85 N=59

Visual inspection 16.7 (14) ¢ 14.9 (13) 15.3(13) 13.6(8)
Clean and sanitize as normal 143 (12) 11.5(10) 11.8(10) 13.6(8)
Intensified cleaning and sanitation 22.6(19) 23.0 (20) 22.4(19) 23.7(14)
Breakdown equipment and clean/sanitize 143 (12) 16.1 (14) 15.3 (13) 15.3(9)
Vector swab adjacent locations 9.50 (8) 13.8(12) 15.3(13) 15.3(9)
Re-swab 226 (19) 20.7 (18) 20,0 (17) 18.6(11)

*Correction action(s) used if the environmental monitoring program target was out of compliance (e.g,, Listeria spp. positive sample,

ATP value exceeded threshold).

bZones were described according to United Fresh Environmental Monitoring Program Guidance Version 2 (30); and the N is the

total number of responses per zone.

‘Percentage (frequency).

often selected multiple CAs within a zone, and across

zone, highlighting packers are using multiple approaches
simultaneously to alleviate issues as they arise. No significant
differences in sampling frequency were observed between
operations of different sizes, crop(s) packed, market channel,
or state (P>0.05), demonstrating similar approaches being
implemented by operations. Uniformity may exist across
packing operations with CAs due to the development of
guidance and informational documents or requirements of
third-party audit standards (1, 30, 36, 47).

Limitations to the dataset

Respondents self-selected to participate in the study with
question logic integrated so that questions could be skipped,
limiting overall responses in some instances. Additionally,
some respondents elected not to share certain demographic
data. Both factors impacted the statistical power of this analy-
sis by excluding those entries. Respondents also self-reported
on all attributes as anonymous, so reported information
could not be verified for accuracy. While the sample popula-
tion of respondents may not be representative of the entire
fresh produce industry, the dataset does provide baseline data
and information to guide future EMP education, outreach,
and extension efforts.

CONCLUSIONS

This survey sought to establish a baseline of information
related to operations that pack whole, intact fresh produce
who have implemented EMPs and to emphasize potential
points of confusion when conducting outreach to the fresh
produce industry. Approximately 62.5% of produce packers
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(40/62 packinghouse; 5/10 field-pack) who responded to
the survey indicated they had an EMP. Of the respondents
who had EMPs, these programs were in place primarily as
aresult of compliance with third-party audit standards and
regulatory compliance. However, there was evident confusion
about regulatory requirements for fresh produce operations
handling, packing, and storing raw agricultural commodities
(as operations under the FSMA Produce Safety Rule do not
require environmental monitoring). Results found most of
the EMPs focused on ATP for zone 1 surfaces, emphasizing
its adoption by the produce packing industry for assessing
cleanliness of food contact surfaces. While EMPs for zones
2-4 targeted primarily microbial indicator organisms (e.g.,
generic E. coli, Listeria spp., aerobic plate count), there was a
trend towards monitoring for foodborne pathogens. Future
outreach efforts should emphasize when EMPs are required
for raw agricultural commodity produce operations, based
upon regulatory requirements or third-party audit standards
and the benefits of self-identifying problems through

EMPs. Self-identifying problems can build a proactive food
safety culture and help avoid unlikely consequences (e.g.,
outbreaks, recalls) across the industry.

SUPPLEMENTAL MATERIALS
Supplemental material for this article may be found at:

ACKNOWLEDGMENTS

This work was supported by the Specialty Crops
Research Initiative project 2020-51181-32157 from the
U.S. Department of Agriculture National Institute of Food
and Agriculture. Any opinions, findings, conclusions, or



recommendations expressed in this publication are those
of the author(s) and do not necessarily reflect the view of
the U.S. Department of Agriculture. The authors wish to

Tikekar.

acknowledge the contribution of several individuals who

REFERENCES

1.

10.

11.

3M. 2019. Environmental Monitoring Hand-
book for the Food and Beverage Industry,

1st Available at: https://multimedia.3m.
com/mws/media/16845750/environmen-
tal-monitoring-handbook.pdf. Accessed 15
August 2023.

Almond Board of California. 2010. Pathogen
Environmental Monitoring (PEM). Available
at: https://www.almonds.com/sites/default/
files/pem_book.pdf. Accessed 15 August
2023.

Angelo, K. M., A. R. Conrad, A. Saupe, H.
Dragoo, N. West, A. Sorenson, A. Barnes,
M. Doyle, J. Beal, K. A. Jackson, S. Stroika,
C. Tarr, Z. Kucerova, S. Lance, L. H. Gould,
M. Wise, and B. R. Jackson. 2017. Multistate
outbreak of Listeria monocytogenes infections
linked to whole apples used in commercially
produced, prepackaged caramel apples:
United States, 2014-201S. Epidemiol Infect.
145:848-856.

Carstens, C. K., J. K. Salazar, and C. Darkoh.
2019. Multistate Outbreaks of Foodborne
Tllness in the United States Associated With
Fresh Produce From 2010 to 2017. Frontiers
in Microbiol. 10.

CONTACT Produce Safety Research. 2023.
Produce Advisory Committee. Available at:
https://contactproducesafety.ifas.ufl.edu/
produce-advisory-committee/. Accessed 15
August 2023.

Dexter, S. J., M. Camara, M. Davies, and K.
M. Shakesheft. 2003. Development of a biolu-
minescent ATP assay to quantify mammalian
and bacterial cell number from a mixed
population. Biomaterials. 24:27-34.

Dunn, L. L., L. M. Friedrich, L. K. Strawn,
and M. D. Danyluk. 2022. Prevalence of
Listeria monocytogenes and indicator microor-
ganisms in Florida cantaloupe packinghouses,
2013-2014. Food Microbiol. 104:103970.

Estrada, E. M., A. M. Hamilton, G. B.
Sullivan, M. Wiedmann, E. J. Critzer, and L.
K. Strawn. 2020. Prevalence, persistence, and
diversity of Listeria monocytogenes and Liste-
ria species in produce packinghouses in three
U.S. states. J. Food Prot. 83:277-286.

Gaul, L. K., N. H. Farag, T. Shim, M. A.
Kingsley, B. J. Silk, and E. Hyytia-Trees. 2013.
Hospital-acquired listeriosis outbreak caused
by contaminated diced celery—Texas, 2010.
Clin. Infect. Dis. 56:20-26.

Hawronskyj, J.-M., and J. Holah. 1997. ATP:
A universal hygiene monitor. Trends Food Sci.
Technol. 8:79-84.

Jackson, B. R., M. Salter, C. Tarr, A. Conrad,
E. Harvey, L. Steinbock, A. Saupe, A. Soren-
son, L. Katz, and S. Stroika. 2018. Listeriosis
associated with stone fruit—United States,
2014. MMWR. 64:282.

12.

13.

14.

15.

16.

17.

18.

19.

20.

2

—_

22.

Jorgensen, J., J. Waite-Cusic, and J. Kovacevic.
2020. Prevalence of Listeria spp. in produce
handling and processing facilities in the Pacif-
ic Northwest. Food Microbiol. 90:103468.

Leaman, S. M., J. Kerr, S. Salas, A. Malik, T. V.
Suslow, M. Wiedmann, and D. A. Davis. 2023.
Fresh Produce Harvesting Equipment-A Re-
view of Cleaning and Sanitizing Practices and
Related Science. Food Prot. Trends. 43.

Lehto, M., R. Kuisma, J. Maattd, H.-R.
Kymaldinen, and M. Maki. 2011. Hygienic
level and surface contamination in fresh-cut
vegetable production plants. Food Control.
22:469-475.

Lomakina, G.Y,, Y. A. Modestova, and N.
Ugarova. 2015. Bioluminescence assay for cell
viability. Biochem. (Moscow). 80:701-713.

Marus, J. R. 2019. Notes from the field:
outbreak of listeriosis likely associated with
prepackaged caramel apples—United States,
2017. MMWR. 68.

McClure, M., B. Whitney, I. Gardenhire,

A. Crosby, A. Wellman, K. Patel, Z. D.
McCormic, L. Gieraltowski, L. Gollarza, and
M. S. Low. 2023. An outbreak investigation
of Salmonella Typhimurium illnesses in the
United States linked to packaged leafy greens
produced at a controlled environment agri-
culture indoor hydroponic operation-2021. J.
Food Prot. 86:100079.

McCollum, J. T., A. B. Cronquist, B. J. Silk,
K. A. Jackson, K. A. O’Connor, S. Cosgrove,
J. P. Gossack, S. S. Parachini, N. S. Jain, and P.
Ettestad. 2013. Multistate outbreak of listeri-
osis associated with cantaloupe. New England

J. Medi. 369:944-953.

NSF International. Date, 2017, GFSI
Certification Options for Produce. Available
at: https://www.nsf.org/knowledge-li-
brary/white-paper-gfsi-certification-op-
tions-for-produce. Accessed 15 August 2023.

Ruiz-Llacsahuanga, B., A. Hamilton, R.
Zaches, I. Hanrahan, and F. Critzer. 2021.
Prevalence of Listeria species on food
contact surfaces in Washington State apple
packinghouses. Appl. Environ. Microbiol.
87:¢02932-20.

. Ruiz-Llacsahuanga, B., A. Hamilton, R.

Zaches, I. Hanrahan, and F. Critzer. 2021.
Utility of rapid tests to assess the prevalence
of indicator organisms (aerobic plate count,
Enterobacteriaceae, coliforms, Escherichia coli,
and Listeria spp.) in apple packinghouses.
Intl. ]. Food Microbiol. 337:108949.

Simonetti, T., K. Peter, Y. Chen, Q. Jin, G.
Zhang, L. F. LaBorde, and D. Macarisin.
2021. Prevalence and distribution of Listeria
monocytogenes in three commercial tree
fruit packinghouses. Frontiers in Microbiol.
12:652708.

March/April Food Protection Trends

23.

24.

25.

26.

27.

28.

29.

3

—

32.

supported survey support, including Wes Kline, Matt Krug,
Channah Rock, Don Schaffner, Rob Scharff, and Rohan

Strawn, L. K., E. W. Brown, J. R. D. David, H.
C. Den Bakker, P. Vangay, F. Yiannas, and M.
Wiedmann. 2015. Big Data in Food Safety
and Quality. Food Technol. 69:42-+.

Sullivan, G., R. H. Orsi, E. Estrada, L. Strawn,
and M. Wiedmann. 2022. Whole-genome
sequencing-based characterization of Listeria
isolates from produce packinghouses and
fresh-cut facilities suggests both persistence
and reintroduction of fully virulent L.
monocytogenes. Appl. Environ. Microbiol.
88:e01177-22.

Sullivan, G., and M. Wiedmann. 2020.
Detection and prevalence of Listeria in U.S.
produce packinghouses and fresh-cut facili-
ties. J. Food Prot. 83:1656-1666.

Sullivan, G., C. Zoellner, M. Wiedmann, and
R. Ivanek. 2021. In silico models for design
and optimization of science-based Listeria
environmental monitoring programs in
fresh-cut produce facilities. Appl. Environ.
Microbiol. 87:e00799-21.

Thore, A., S. Ansehn, A. Lundin, and S.
Bergman. 1975. Detection of bacteriuria by
luciferase assay of adenosine triphosphate. J.
Clin. Microbiol. 1:1-8.

Townsend, A., L. K. Strawn, B. J. Chap-
man, C. Rodrigues, and L. L. Dunn. 2023.
Adenosine Triphosphate Bioluminescence is
a Poor Indicator of Listeria spp. presence in
distribution centers handling fresh produce.
Food Prot. Trends. 43:33-39.

Townsend, A., L. K. Strawn, B. J. Chapman,
M. Yavelak, A. Mishra, and L. L. Dunn. 2022.
Factors that predict Listeria prevalence in
distribution centers handling fresh produce.
Food Microbiol. 107:104065.

. United Fresh Produce Association. 2018,

Guidance on environmental monitoring

and control of Listeria for the fresh produce
industry. Available at: https: //www.freshpro-
duce.com/siteassets/files/reports/food-safe-
ty/guidance-on-environmental-monitor-
ing-and-control-of-listeria.pdf. Accessed 15
August 2023.

. United Fresh Produce Association. 2021,

Considerations for fresh produce dry-pack
environmental monitoring programs (EMPs)
Available at: https://info.unitedfresh.org/
hubfs/Food%20Safety%20Resources/
Dry%20environment%20EMPs_FINAL.pdf.
Accessed 15 August 2023.

US Centers for Disease Control and
Prevention. 2011. Multistate outbreak of
listeriosis associated with Jensen Farms can-
taloupe--United States, August-September
2011. MMWR. 60:1357-1358.

109




33. U.S. Centers for Disease Control and
Prevention. Date, 2012, Multistate outbreak
of Salmonella Typhimurium and Salmonella
Newport infections linked to cantaloupe
(final update). Available at: https://www.
cdc.gov/salmonella/typhimurium-canta-
loupe-08-12/index.html. Accessed 15 August
2023.

34. U.S. Centers for Disease Control and Pre-
vention. Date, 2015, Multistate outbreak of
Listeriosis linked to vommercially produced,
prepackaged caramel apples made from
Bidart Bros. apples (final update). Available
at: https://www.cdc.gov/listeria/outbreaks/
caramel-apples-12-14/index.html. Accessed
15 August 2023.

35. U.S. Department of Agriculture. 2023.
Harmonized GAP. Available at: https://www.
ams.usda.gov/services/auditing/gap-ghp/
harmonized. Accessed 15 August 2023.

36. U.S. Department of Agriculture. 2022. Sum-
mary of Changes USDA Harmonized GAP
Plus+ Standard. Available at: https://www.
ams.usda.gov/sites/default/files/media/
SummaryofChangestotheHarmonizedStan-
dard.pdf. Accessed 15 August 2023.

37. U.S. Food and Drug Administration. 2012,
FDA Form 483 Inspectional Observa-
tions- Chamberlain Farms, Inc. Available at:
https://www.fda.gov/downloads/AboutF-
DA/CentersOffices/Officeof GlobalRegulato-
ryOperationsandPolicy/ ORA/ORAElectron-
icReadingRoom/UCM322103.pdf. Accessed
15 August 2023.

38. U.S. Food and Drug Administration. 2013.
FDA Investigation Summary: Multistate
Outbreak of Salmonella Typhimurium and
Salmonella Newport infections linked to
cantaloupe grown at Chamberlain Farms in
Southwest Indiana. Available at: http://way-
back.archive-it.org/7993/20171114154943/
https: /www.fda.gov/Food/RecallsOut-
breaksEmergencies/Outbreaks/ucm315879.
htm. Accessed 15 August 2023.

39. U.S. Food and Drug Administration. 2015.
Current good manufacturing practice, hazard
analysis, and risk-based preventive controls
for human food. Available at: https://www.
govinfo.gov/content/pkg/FR-2015-09-17/
pdf/2015-21920.pdf. Accessed 15 August
2023.

40. U.S. Food and Drug Administration. 2015.
Standards for the growing, harvesting,
packing, and holding of produce for human
consumption; final rule Available at: https://
www.govinfo.gov/content/pkg/FR-2015-11-
27/pdf/2015-28159.pdf. Accessed 15 August
2023.

41. U.S. Food and Drug Administration. 2016.
What you need to know about the FDA regu-
lation: Current hood manufacturing practice,
hazard analysis, and risk-based preventive
controls for human food (21 CFR Part 117):
Guidance for Industry. Available at: https://
www.fda.gov/media/100921/download.
Accessed 15 August 2023.

42.

43.

44,

45S.

46.

47.

U.S. Food and Drug Administration. 2017.
Draft guidance for industry: control of Liste-
ria monocytogenes in ready-to-eat foods. Fed.
Reg. 82:4803-4805.

U.S. Food and Drug Administration. 2019.
Henry Avocado recalls whole avocados
because of possible health risk. Accessed 15
August 2023.

U.S. Food and Drug Administration. 2019.
Jac. Vandenberg, Inc. recalls fresh peaches,
fresh nectarines and fresh plums because they
may be contaminated with Listeria monocyto-
genes. Available at: https: //www.fda.gov/safe-
ty/recalls-market-withdrawals-safety-alerts/
jac-vandenberg-inc-recalls-fresh-peaches-
fresh-nectarines-and-fresh-plums-because-
they-may-be. Accessed 15 August 2023.

Wang, P, M. Hur, Y. Cai, F. Takeda, L. DeVet-
ter, and J. Chen. 2023. Microbial load of fresh
blueberries harvested by different methods.
Foods. 12:1047.

Williamson, K., S. Pao, E. Dormedy, T. Phil-
lips, G. Nikolich, and L. Li. 2018. Microbial
evaluation of automated sorting systems in
stone fruit packinghouses during peach pack-
ing. Int. J. Food Microbiol. 285:98-102.

Zoellner, C., K. Ceres, K. Ghezzi-Kopel, M.
Wiedmann, and R. Ivanek. 2018. Design
elements of Listeria environmental monitor-
ing programs in food processing facilities:

A scoping review of research and guidance
materials. Comprehen. Rev. Food Sci. Food
Saf. 17:1156-1171.

In Memory

|JAFP was notified of the passing of member
George Flick, Jr. The Association extends our deepest
sympathy to his family and colleagues. IAFP has
sincere gratitude for his contribution to food safety.
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